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@ Organic nonlinear optical substance. 

© An organic nonOnear optical substance having the formula 

klf- CR^CH -hr CH « c — C — B (I) 
CN O 

wherein R 1 represents -H or -CHa; 
n Is 0,1, or 2; 
A represents Z^Ar, 




wherein Ar represents a 6*14 membered aromatic group 
+f\ Including a heterocyclic ring or blsphenylene type ring; Z 1 
CQ represents H-, RWN-, R 7 0-, R 8 S-, NO, R s OCO-, Ri°COO-, 

0 2 N-, RHR12NOC, R 13 C0(R1 4 )N-, or R«s Z 2 Z 3 and Z 4 
O Independently represent H-, a Ci-Ce alkyl-, R ie O-, R 17 R 18 N, 

R* fi S- ( O2N-, or two R 16 being. In combination, R 20 CH ;.R 2 
CL represents H- or a C1-C12 alkyl; R 8 to R 20 Independently 
111 represent H~, or a C1-C10 hydrocarbon residue; Z 5 independ- 



ently represents H-, a Ci-Ce saturated hydrocarbon residue, 
02N-, R 2t O-, R«5-, NO-, or R 23 R 24 N- wherein R 21 to R 24 
independently represent H or a Ci-Ce saturated hydrocarbon 
residue; X represents -S-, -0-, or >NR 2a ; r Is 0 or an Integer 
of 1 to 3; and R 2B represents H or a hydrocarbon group having 1 
to 8 carbon atoms; 

B represents -OH« Amine* where Amine* represents an 
optically active amine; -OR 3 where R 8 represents a C12-C25 
linear hydrocarbon residue; -NR 4 Y where R 4 represents -H or a 
single bond; Y represents Hf-CH2-)-p CQ^Q 3 where p Is O or 
1 ; Q 1 , Q 2 , and Q 3 are different and represent -H, a C1-C5 alkyf, 
phenyl, naphthyl. -OH. -CH2OH, -COOR 28 , -CNR2 8 R 27 , a 
residue of an a-amino acid from which an amino group Is 
removed, where to independently represent -H or -Ci-Ca 
hydrocarbon residue; or -CQ 4 Q B Q B where Q 4 , Q s and Q 8 are 
different and Q 4 and Q 6 are as defined for Q 1 , Q 2 and Q 3 and Q 8 
represent +CH 2 -)- q of which one bond Is linked to the bond of 
R 4 where q an integer of 1 to 4. 
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Description 

ORGANIC NONLINEAR OPTICAL SUBSTANCE 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention relates to a novel nonlinear optical material having an increased second harmonic 
generating ability and usable for an optical switch, an optical memory in an optical data/information processing 
or optical communication system, or an optical bistable element to be used In optical signal operation. Further, 
10 it pertains to a novel nonlinear optical crystalline material containing a salt obtained by the reaction of a 
conjugated aromatic carboxyiic acid compound with an optically active amine. 

2. Description of the Related Art 

The nonlinear optical effect refers to, for example, a secondary or higher effect of the magnitude of an 

15 applied electric field exhibited by the relationship of an electric polarizing response of a substance, which is 
oniy primarily proportional to the magnitude of the applied electric field, when, for example, a strong 
photoelectric field such as a laser beam Is applied to the substance. 

A secondary nonlinear optical effect may Include a second harmonic generation of converting the 
wavelength of an incident light to a 1/2 wavelength, a parametric oscillation which converts a light with one 

20 kind of wavelength into a light with two kinds of wavelengths, and a secondary light mixing which on the 
contrary generates a light with one kind of wavelength from a light with two kinds of wavelengths. Due to these 
various characteristics, materials having a nonlinear optical effect will be for use as an optical switch, optical 
memory In optical data/information processing, or such elements as optical bistable element, optical switch, 
etc. to be used in optical signal operations. 

25 Generally speaking, in this field of the art, Inorganic materials, primarily UNbOs , have been studied and 
investigated, but inorganic materials had a drawback such that great difficulty Is encountered in forming a 
desired optical element, because of such shortcomings as their performance indices which are not so great, 
small response speed, no good form workability, great hygroscopicity, low stability, etc. 

In recent years, in contrast to these inorganic materials, researchers are becoming more Interested In 

30 application of organic materials. This Is because the response of organic materials is based primarily on the n 
electron polarization, whereby the nonlinear effect is great, and also the response speed Is great, as confirmed 
and reported In the art. For example, a large number of studies are reported In the ACS Symposium Series 
Vol. 233, 1983). The secondary nonlinear optical characteristics to be dealt with In the present Invention, which 
is a third rank tensor, cannot be evoked if a symmetric center exists In the molecular or the crystal. For this 

35 reason, in the case of organic materials, even when they may have a structure exhibiting an excellent nonlinear 
effect at molecular level, they must be formed into crystals or solid state for using the second harmonic 
generation as the practical mode. However, at such stage of solidification, an Inversion symmetrical structure 
will be frequently formed preferentially, whereby there has been Involved the problem that a nonlinear optical 
effect as an optical element can not be exhibited. 

40 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present Invention is to solve the above-mentioned problems of the pnor art 
and to provide an organic crystalline compound for various nonlinear optical elements, and having an 
increased second harmonic generating ability, a high molecular polarizing ability, and having no inversion 
45 symmetry. " 

Another object of the present Invention is to provide an organic crystalline compound having excellent 
second harmonic generating ability required for a material for forming various optical signal processing 
elements. 

Other objects and advantages of the present Invention will be apparent from the following descnption. 
50 In accordance with the present invention, there is provided an organic nonlinear optical substance having 
the formula (I):. 

A-f-CR 1 «CH.-^CH « C - C - B ( I ) 

CN "0 



55 



wherein R 1 represents -H or -CH3; 
n is 0, 1, or 2; 
A represents Z^Ar, 



60 
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Z 2 v C - C 

Z 3 -^,Ar-, R- , or (Z 5 )^- 

X 

wherein Ar represents a 6 - 14 membered aromatic group Including a heterocyclic ring or blsphenylene type 
Cz"rep!esents H-, R 6 R e N-, R'O, R'S, NC-, R*OCO, R*>COO- 0 2 N- RiiR«NO<>, R'WR^N- .or 10 
R15-- Z 2 Z? and Z 4 Independently represent H-. a Ci-C„ alkyl-, R«0-. R 17 R 18 N-, R«S-. 0 2 N-, or two R« 
being, In combination, R 2 °CH ; R 2 represents H- or a Ci-Cia alkyl; R6 to R 2 ° independently represent H-. or a 
C1-C10 hydrocarbon residue; Z* independently represents H-, a Ci-Cs saturated hydrocarbon residue. O2N-, 
R210- R22S- NC- or R 2S R 24 N-, wherein R 2i to R 24 Independently represent H or a Ci-Ca saturated by 
hydrocarbon residue; X represents -S-. -0-. or NR«; r Is 0 or an integer of 1 to 3; and R 2 « represents H or a IS 
hydrocarbon group having 1 to 8 carbon atoms; . 
B represents -OH - Amine* where Amine* represents an optically active amine; -NR 4 Y where R* represents -H 
or a single bond; Y represents (CH 2 ) P CQiQ 2 Q 2 where p Is 0 or 1 ; Q\ Q 2 , and & are different and represent 
-H, a Ci-Cs alkyl. phenyl, naphthyl. -OH, -CH2OH. -COOR« -CNR 26 R 27 , a residue of an a-amlno acid from 
which an amino group' Is removed, where R» to R" Independently represent -H or -Ci^s hydrocarbon 20 
residue, or -CQ*Q 6 Q 6 where Q 4 , Q s and are different and Q 4 and Q« are as defined for Q\ Q 2 and Q» and 
Q6 represents -f CHz+z of which one bond is linked to the bond of R 4 where g Is an Integer of 1 to 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS ,„ 
Generally speaking, the second harmonic generating ability Is greater In a longer conjugated system. In 
which polarization within the molecular Is greater and also contribution of the polarization is greater, but with 
elongation of the conjugated length, the absorption maximum is shifted toward the longer wavelength side, 
whereby correspondence to a 1/2 wavelength of the incident light may occur. In this case, optical damage may 
occur which absorbs the second harmonic generated and changes the refractive Index, chemical 
denaturation. or combustion by an absorption of heat energy. Accordingly, it Is frequently disadvantageous to 
simply elongate the conjugated length. For example, a compound Increased in molecular polarization due to 
an Insertion of a carboxyl group represented by the formula (I) shown below, a group hewing a high electron 
attractability such as a cyano group, and further various substltuents Into benzene > nucleus me* r be expected 
to have large nonllnearily as the result of shifting effect of electron arrangement within the ring, butpractlcally 
has a structure with an Inversion asymmetry center due to a large molecular polarization. ^Wj^W * 
generation of the second harmonic can not be observed. Generally speaking. It is a difficult technique to 
control the crystalline structure, particularly to form a crystal form which will collapse the symmetry center. 
Accordingly, while an excellent nonlinear susceptibility may be expected to be possessed at molwuterjevel 
most examples prove to be no longer effective as the second harmonic generating matenal. As the result of 
intensive studies, as shown In the present Invention, by use of an optically active amine as the basic substance 
to Introduce Its optically active asymmetric structure thereof as the carboxylic acid salt, and consequently a 
structure without an inversion asymmetry center can be prepared to accomplish the present Invention. As a 
consequence, the great nonlinear susceptibility at molecular level can be exhibited as such as the crystal 
structure, and this may be considered to contribute greatly to applications In this field of the art 

To enhance the nonlinear optical effect. It Is necessary to have a large dlpole within one molecular structure, 
and for this purpose, the general formula has cyano group, carboxyl group permitted to exist on the same 
carbon atom: Also, for the molecular polarizations to interfere with each other, It is desirable that a conjugated 
system exists, but an elongation of the conjugated length will result In an elongation of ^s/ 080 ^" 
maximum to the longer wavelength side, whereby there is the possibility that the damage may be formed due 
to the Incident light wavelength or the second harmonic wavelength. For this reason, the conjugated length 

Sh From n me b atovtmentioned standpoints, it has been found that a-cyanoacrylic acid derivatives hewing a 
conjugated group are effective as an acid moiety having a conjugated system. Furthermore, the compounds 
having the formula (I) Including the optically active amine salts or amides are effective for providing asymmetry 

center, as mentioned above. „ . . „ 

According to a first embodiment of the present Invention, the organic nonlineai 'OP^ substance has the 
general formula (I) wherein R1 represents H, Z« represents H-, R 6 R 6 N-, R'O-. R<»S-. NC, R<>OCO-. OaN-. 
Riocoo- R^R^NOC-, R 13 CO(R 14 )N-, or R 15 -, Ar represents an aromatic group having 5 to 14 caroon 
atoms, and B represents -OH - Amine* wherein Amine* represents an optically active amine selected/from the 
group consisting, of 1-(phenyl)ethylamlne. 1-(a-naphthy)ethylamlne, 1.phenyl-2-methylethylamlne, 1-phenyl- 

2 ^rsTan5n^J^stn5lg bies and, therefore, easily react with carboxylic acids to form stable salts In any 

conventional method. • . „ rrfo j ...» 

The optically active amines may be dextrorotatory or levorotatory. Formation of the salt may be carried out 
by conventional neutralization reaction, which may be in either state of a solution or a solid phase. 
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For maintaining the purity of the optical activity, It Is not preferable to carry out the reaction at too high a 
temperature, but It Is desirable to contrive to Inhibit heat generation during salt formation. Salt formation will 
frequently give a product which differs in solubility to a great extent from the starting material, and therefore 
existence of salt formation can be easily confirmed and its purification can be also easily done. 
5 The optically active amine salt of the carboxylic acid thus obtained assumes a crystalline state, having 
excellent moldability, and can be formed into various elements under the crystalline form as such or as a solid 
solution, which can be then applied to the nonlinear optical application field. 

The organic nonlinear optical substances according to the first embodiment of the present Invention have 
an extremely large second harmonic ability. The carboxylic acid moiety of this compound can be preferably 
w derived from the caboxyllo acids having the structure (II) 

Z 1 - A - (CH * CH) — CH ° C - COOH (II) 

Examples of such carboxylic acid may Include: 
substituted phenyl 2-cyanopropenoic acid derivatives such as 3-phenyi-2-cyanopropenoic acid, 
15 3-(p-dimethyIaminophenyl)-2-cyanopropenoic acid, 
3-(p-amlnophenyl)-2-cyanopropenolo acid, 
3-(p-diethylaminophenyl)-2-cyanopropenoic acid, 
3-(p-dipropylaminophenyl)-2-cyanopropenoic acid, 
3-(p-dfoutylaminophenyl)-2-cyanopropenoic acid, 
20 3-(p-monomethylamlnophenyl)-2-cyanopropenoic acid, 

3-(p-monoethyiamlnophenyl)-2-cyanopropenoic acid, and the m- or o- substituted derivatives; 

3-(p-methyloxyphenyl)-2-cyanopropenoic acid, 
3-(p-ethyloxyphenyl)-2-cyanopropenolc acid, 
3-(p-propyloxyphenyi)-2-cyanopropenoic add, 
25 3-(p-butyloxyphenyl)-2-cyanopropenolc acid, 
3-(p-pentyloxyphenyl)-2-cyanopropenolc acid, 
3-(p-n-hexyioxyphenyl)-2-cyanopropenolc acid, 

3-(p-decanoxyphenyI)-2-cy£nopropeno!c acid, and the m-or o- substituted derivatives; 
3-(p-methylthlophenyl)-2-cyanopropenolc acid, 
30 3-(p-ethy!thiophenyl)-2-cyanopropeno!c acid, 
3-(p-propylthiophenyl)-2-cyanopropenoic acid, 
3-(p-butyithiophenyl)-2-cyanopropenoic acid, 
3-(p-pentylthiophenyl)-2-cyanopropenolc acid, 
3-(p-n-hexylthIophentf)-2-cyanopropenolc acid, 
35 3-(p-decanethiophenyl)-2-cyanopropenoic acid, and the m-or o- substituted derivatives; 
3-(p-cyanophenyI)-2-cyanopropenoic acid, 
3-(m-cyanophenyl)-2-cyanopropenoIc acid, 
3-(o-cyanophenyl)-2-cyanopropenoic acid, 
3-(p-methyioxycarbonylphenyl)-2-cyanopropenoic acid, 
40 3-(p-ethyIoxycarbonylphenyl)-2-cyanopropenolc acid, 

3-(p-propyloxycarbonylphenyl)-2-cyanopropenoic acid, and the m- or o- substituted derivatives; 

3-(p-acetyI6xyphenyl)-2-cyanopropenoic acid, 
3-(p-proplonyloxyphenyl)-2-cyanopropenolc acid, 

3-(p-butanoyiphenyl)-2-cyanopropenoic acid, and the nvor o- substituted derivatives; 
" 45 3-(p-nitrophenyi)-2-cyanopropenoic acid, 
3-(m-nitrophenyI)-2-cyanopropenoic acid, 
3-(o-nitrophenyl)-2-cyanopropenoIc acid, 
3-(p-dimethy!amidopheny1)-2-cyanopropenoic acid, 
3-(p-diethylamidophenyl)-2-cyanopropenoic acid, 
50 3-(p-dipropylamidophenyl)-2-cyanopropenoic acid, 

3-(p-dibutylamidophenyl)-2-cyanopropenoic acid, and the m- or o- substituted derivatives; 

3-(p-acetylamlnophenyl)-2-cyanopropenoic acid, 
3-(p-propionylaminophenyl)-2-cyanopropenolc acid, and the m- or o- substituted derivatives; 
3-(p-methyiphenyl)-2-cyanopropenolc acid, 
55 3-(p-ethylphenyI)-2-cyanopropenoic acid, 
3-(p-propyIphenyl)-2-cyanopropenoic acid, 
3-{p-butylphenyl)-2-cyanopropenoic acid, 
3-(p-pentylpheny1)-2-cyanopropenoIc acid, 
3-(p-n-hexy!phenyl)-2-cyanopropenolc acid, 
60 3-(p-decanephenyl)-2-cyanopropenoic acid, and the m- or o- substituted derivatives; 
Substituted phenyl 2-cyano-2,4-pentadienoic acid derivatives such as: 

2-cyano-5-phenyl-2,4-pentadienoic acid, . 2-cyano-5-(p-dimethylamlnophenyl)-2,4-pentadienoic acid, 
2-cyano-5-(p-diethylaminophenyl)-2,4-pentadiehoic acid, 2-cyano-5-(p-dipropyIamlnophenyl)-2,4-pentadie- 
noic acid, 2-cyano-5-(p-dibutylamindphenyl)-2,4-pentadIenoic acid, 2-cyano^-(p-monomethylamlnophe- 
65 nyl)-2,4-pentadienoic acid, 2^;yano-5-(p-aminophenyl)-2,4-pentadienolc acid, and the m- or o- substituted 
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derivatives; 

2-cyano-5-(p-methyloxyphenyi)-2,4-pentadienolc acid, 2-cyano-5-(p-ethyloxyphenyl)-2,4-pentadienoiC acid, 
2-cyano-5-(p^ropyioxyphenyl)-2,4-pentadienoic acid, 2-cyano-S-(p-butyloxyphenyl)--2,4-pentadienofc acid, 
and m- t o- substituted derivatives thereof; 

2-cyano-5-(p-methylthlophenyi)-2 I 4-pentadienolc acid, 2-cyano-5-(p-ethyIthiophenyl)-2,4-pentadienoic 5 
acid, a-cyano-S-lp-propylthlophenyll^^-pentadienoic acid, 2-cyano-6-(p-butyithiophenyl)-2,4-pentadienoic 
acid, and m-, o- substituted derivatives thereof; 

5-(p-cyanophenyl)-2,4-pentadlenolc acid, and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-methyioxycarbonyiphenyi)-2,4-pentadienolc acid, 2-cyano-5-(p-ethyloxycarbonyiphe- 
nyl)2,4-pentadienoic acid, Z-cyano-S-lp-propyioxycarbonylphenyO^^-pentadienocI acid, 2-cyano-5-(p-buty- 10 
loxycarbony1phenyl)-2,4-pentadienoic acid, and m- f o- substituted derivatives thereof; 

2-cyano-5-(p-acetyloxyphenyl)-2,4-pentadienoic acid, 2«cyano-5-(p-proplonyloxyphenyl)-2,4-pentadienolc 
acid, 2-cyano-5-(p-butanoyloxyphenyI)-2 l 4-pentadienolc acid, and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-nitrophenyl)-2 l 4-pentadienoic acid, and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-dimethylamidophenyl)-2 < 4-pentadIenolc acid, 2-cyano-6-(p-diethylamidophenyl)-2,4-penta- 15 
dienoic acid, 

2-cyano-5-(p-dIpropytamidophenyl)-2,4-pentadienoIc acid, 2-cyano-5-(p-dibutylamldophenyIJ-2,4-pentadie- 
nolc acid, 2-cyano-6-(p-monomethylamidophenyi)-2,4-pentadienolc acid, 2-cyano-5-(P-amidophe- 
nyl)-2,4-pentadienolc acid, and m-, o- substituted derivatives thereof; 

2-cyano-(5-p-acetylamInophenyl)-2,4-pentadienoic add, 2-cyano-(5-p-proplonyIaminophenyl)-2,4-p6nta- 20 
dienoic acid and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-met^iphenyI)-2,4-pentadienoIc acid. 2-cyano-5-(p-ethylphenyl)-2,4-pentadienoic acid, 
2-cyano-5-(p-propylphenyU-2 ( 4-pentadienolc acid, 2-cyano-5-(p-butylphenyl)-2,4-pentadIenoIc acid and ffl-, 
o- substituted derivatives thereof; 

Substituted phenyl 2-cyano-2,4 l 6-heptatrienote acid derivatives such as: 25 

2-cyano-7-phenyl-2,4,6~heptatt1enoic acid, 2-cyano-7-(p-dimethyIaminophenyl)-2,4,6-heptatrienoIc acid, 
2-cyano-7-(p-diethyiaminophenyl)-2,4,6-heptatrlenolc acid, 2-cyano-7-(pKllpropyIaminophenyl)-2 l 4,6-hepta- 
trienolc acid, 

2-cyano-7-(p-dlbutylaminophenyl}-2,4, 6-heptatrlenolc acid, 2-cyano-7-(p-aminophenyl)-2,4,6-heptatr1enolc 
acid, 2-cyano-7-(p-monomethyIaminophenyl)-2,4 l 6-heptatrlenolc acid, and m-, o- substituted derivatives 30 
thereof; 

2-cyano-7-(p-methyloxyphenyI)-2,4,6-heptatrienoIc acid, 2-cyano-7-(p-ethyloxyphenyl)-2,4,6-heptatrienolc 
acid, 2-cyano-7-(p-propyloxyphenyl)-2,4,6-heptatrIenolc add, 2-cyano-7-(p-butyIoxyphenyI)-2,4,6-heptatrie- 
nolo acid, and m-, o- substituted derivatives thereof; 

2-cyano-7-(p-methylthiophenyl).2,4 i 6-heptatrienoic acid, 2-cyano-7-(p-ethyIthiophenyl)-2,4,6-heptatrienoic 35 

acid, 

2-cyano-7-(p-propyIthlophenyi)-2 l 4,6-heptatrienoic add, 2-cyano-7-(p-butylthiophenyO-2,4 i 6-heptatrienoic 
add, and m- f o- substituted derivatives thereof; 

2-cyano-7-(p-cyanophenyl)-2,4,6-heptatrienoic add, and m-, o- substituted derivatives thereof; 

2Kjyano-7-(p-methyioxycarbonyIphenyl)-2,4 > 6-heptatrienoic add, 40 
2-cyano-7-(p-ethyloxycarbonylphen^)-2,4,6-heptatrienolc acid, 2-cyano-7-(p-propy!oxycarbonyiphe- 
nyl)-2,4,6-heptatrienoic acid, 2^ano-7-(p-butyIoxycarbonyIphenyl)-2,4 f 6-heptatrienoic acid, and m- or o- 
substituted derivatives; 

2-cyano-7-(p-acety!oxyphenyI)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-propionyloxyphenyI)-2,4,6-heptatrie- 
nolc acid 

2 : cyano-7-(p-butanoyloxyphenyl)-2,4,6-heptatrienoic acid, and the m- or o- substituted derivatives; 

2-cyano-7-(p-nltrophenyl)-2,4,6-heptatrienoic acid, and the m- or o- substituted derivatives; 

2-cyano-7-(p-dimethyiamidophenyI)-2,4,6-heptatrienoic add, 2-cyano-7-(p-diethylam!dophenyO-2 l 4,6-hep- 
tatrienolc acid, 2-cyano-7-(p-dipropylamidophenyIl-2,4,6-heptatrienolc acid, 2-cyano-7-(p-dibutylamidophe- 
nyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-amidophenyl)-2 t 4,6-heptatrienoic acid, 50 
2-cyano-7-(p-monomethylamldophenyl)-2,4,6-heptatrienoic acid, and the m- or o- substituted derivatives; 

2-cyano-7-(p-methyIphenyI)-2,4,6-heptatrienolc add, 2-cyano-7-(p-ethylphenyl)-2,4,6-heptatrlenoic add, 
2-cyano-7-(p-propyiphenyI)-2,4,6-heptatrienolc acid, 2-cyano-7-(p-butylphenyI)-2 t 4,6-heptatrienoIc acid, and 
the m- or o- substituted derivatives. 

According to a second embodiment of the present invention, the organic nonlinear optical substance has 55 
the general formula (1) wherein R 1 represents H, Z 1 represents H-, R 5 R 6 N-, R 7 0-. R 8 S-, NO, 02N-, R 9 OCO-, 
R10COO-, R 11 R 12 NOC-, R 13 CO(R 14 )N-, or R 16 - t Ar represents an aromatic group having 6 to 14 carbon 
atoms, and B represents -OH- Amine* wherein Amine* represents an optically active amine selected from the 
group consisting of 2-amlno-1-butanol, 1-amIno-2-propanol, 2-amino-1-propanol, 2-amino-1-(p-nitrophe- 
nyiMi3-propanediol, i2-dimethylamlno-1-phenyI-1-benzyl-1-propanol, and 1-(N,N-dimethylam!no)-l -phenyl- 60 
propylamine. 

All of the above-mentioned amines have strong basicity and can form readily stable salts with carboxylic 
adds. Formation of the salt may be carried out by conventional neutralization reaction, which may be in either 
state of a solution of a solid phase. For maintaining the purity of the optical activity, It is not preferable to carry 
out the reaction at too high a temperature, but it Is desirable to contrive to Inhibit heat generation during salt 65 
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formation. Salt formation will frequently give a product which differs In solubility to a great extent from the 
starting material, and therefore existence of salt formation can be easily confirmed and Its purification can be . 
also easily done. 

The optically active amine salt of the carboxyllc acid thus obtained assumes a crystalline state, having 
excellent moidability, and can be formed into various elements under the crystalline form as such or as a solid 
solution, which can be then applied to the nonlinear optical application field. The carboxyllc acid amine salts of 
this embodiment obtained from the above-mentioned amines especially exhibit excellent damage resistance 
against laser light. 

The carboxylic acid moiety can be derived from the carboxyllc acids having the above-mentioned genera! 
formula (II). 

According to a third embodiment of the present invention, the organic nonlinear optical substance has the 
general formula (1) wherein R 1 represents H, A represents 

z\ 
z'/ 

wherein one of Z 2 , Z 3 , and Z* represents H and the remainder Independently represents C1-C10 alkyl, R 16 0-, 
R 17 R 18 N-, R 19 S, or O2N, At represents an aromatic group having 6 to 14 carbon atoms and B represents a 
residue of an optically active amine selected from the group consisting of 2-amino-1-butanol, 1-amlno-2-pro- 
panol, 2-amino-1-propanol, 2-aminor1-(p-nitrophenyl)-1 l 3-propanedioI t 2-dimethyiamino^1-phenyl-1-benzyl- 
1-propanoI, and I^N.N-dimethylamlno-l-phenyl-propylamlne. 

The caboxylic acid amine salts of this embodiment also exhibit excellent damage resistance against laser 
light 

The carboxylic acid usable in the present invention, of which molecular polarization occurs as 
a-cyanocarboxylic acid and In which electrons are localized on the carboxylic acid side, has two substltuents 
which win make such Influences effective existing on the aromatic group, and this contributes greatly to 
exhibition of the nonlinear optical effect. Particularly, the functional groups should be desirably selected 
mutually so as to give the synergetic effect From such standpoint, it Is desirable to use a carboxylic acid In 
which a plurality of ether groups, thioether groups, amino groups having the function as the electron donating 
group are mutually substituted on the aromatic group. Also, depending on the substituted position, electron 
attracting groups will exhibit a donating function. The above-mentioned carboxyllc acids can be represented 
by the following structure (III). 

Z^J Ar-{-CH = CH-)-CH = C - COOH (III) 
Z 4 / 0-2 CN 

Examples of such carboxylic acid include 
3-(3,4-dimethoxyphenyl)-2-cyanopropenoic acid, 3-(3 f 4-diethoxyphenyl)-2-cyanopropenoic acid, 3-(3,4-dipro- 
pyloxyphenyI)-1-cyanopropenoic acid, 3-(2,4-dimethoxyphenyl)-2-cyanopropenoIc acid, 3-(2,4-diethoxyphe- 
nyl)-2-cyanopropenoic acid, 3-(2,4-dipropyloxyphenyl)-2-cyanopropenoic acid, 3-(3,4^dimethylthlophe- 
nyi)-2-cyanopropenoic acid, 3-(3,4-diethylthiophenyl)2-cyanopropenoic acid, 3-(3,4-dipropylthiophenyl)-2-cy- 
anopropenolc acid, 3-(2,4-dimethylthiophenyi)-2-cyanopropenoic acid, 3-(2,4-dlethoxyphenyl)-2-cyanoprope- 
noic acid, 3-(2,4-dipropylthlophenyl)-2-cyanopropenoic add, 3-(3,4-dimethylamlnophenyl)-2-cyanopropenoIc 
acid, 3-(3,4-diethylamlnophenyl)-2-cyano-1-propenolc acid, 3-(3,4-dipropylamlnophenyi)-2-cyanopropenoic 
acid, 3-(2,4-dimethylpheny1)-2-cyanopropenolc acid, 3-(2,4-diethylamlnophenyl)2-cyanopropenoic acid, 
3-(2.4-dipropylaminophenyl)-2-cyanopropenolc acid, 3-(3,4-dinitrophenyI)-2-cyanopropenoic add, 3-{2,4-dini- 
trophenyi)-2-cyanopropeno!c acid, 5-(3,4-dimethoxyphenyl)-2-cyano-2,4-pentadienoic acid, 5-(3,4-diethoxy- 
phenyi)-2-cyano-2,4-pentadienoic acid, 5-(3,4-dipropyloxyphenyl)-2-cyano-2,4-pentadienoic acid, 5-(2,4-(dl- 
methylthiophenyl)-2-cyano-2,4-pentadienoic acid, 5-(2,4-diethyithiophenyi)2-cyano-2 t 4-pentadienoio acid, 
5-(2 l 4-dipropyithiophenyI)-2-cyano-2,4-pentadienolc acid, 5-(3,4-dimethylthlophenyl)-2-cyano-2,4-pentadie- 
noic acid, 5-(3,4-dlethylthiophenyl)-2-cyano-2,4-pentadienoic acid, 5-(3,4-dipropylthiophenyI)-2-cyano- 
2,4-pehtadienbic acid, 5-(2,4-dimethylthiophenyl)-2-cyano-2,4-pentadienoic add, 5-(2,4-diethyithiophe- i 
nyl)-2-cyano-2,4-pentadienoic acid, 5-(2,4-dipropylthlophenyl)-2-cyano-2,4-pentadienoic acid, 5-(3,4-dinitro- 
phenyl)-2-cyano-2,4-pentadienoIc acid, 5-(2,4-dinitrophenyl)-2-cyano-2,4-pentadienoic add, 7-(3,4-dimeth- 
oxyphenyl)-2-cyano-2,4 t 6-hexatrienoic acid, . 7-(3,4-dlethoxyphenyl)-2-cyano-2,4,6- hexatrienoic acid, 
/-(S^-dipropyioxyphenyO^-cyano^^.e-hexatrienoic acid, 7-(2,4-dimethylthIophenyi)-2-cyano-2,4,6-hexatrie- 
noic acid, 7-(2,4-diethyithiophenyl)-2-cyano-2,4,6-hexatrienoic acid, 7-(2,4-dipropylthiophenyI)-2-cyano- 
2.4,6-hexatrienoic acid, 7-(3,4-dimethy!thlophenyi)-2-cyano-2,4,6-hexatrienoic acid, 7-(3,4-diethyithiophe- 
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general formule (I) wherein R 1 represents H, A represents 



70 



/5 



20 



25 



Sue en cS U» «T*» 5=1^ from ft. group ethjrt oonsialog ol 1-(phe^)rthyl»rtno. 

"TtbtS acid moiety of this compound can be preferably derived from the cerboxylicecids having the 
■""SSSfflo a fifth embodiment of the present invention the ^^HSTiK * 

^cSSildmoletyof this compound can be preferably derived from the carboxy..c acids he^^ 
St AcSiS'g to further embodiments of the present invention, the organic nonlinear optical substances have 
the following general formula (I): mn rbrsm. r^o- R»S-. NC, R 8 OCO-, R 10 COO-, 

which can include those as mentioned above, 
(il) R 1 represents H, A represents 
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represents an aromatic group having 6 to 14 carbon atoms, and B represents -OH -Amine* wherein Amine* 
represents an optically active amine selected from the group consisting of HphenyO-ethylamlne, * 
Ha-naphthyOethylamine, 1-phenyl-2-(methyI)ethylamIne, 1-phenyl-2-aminopropane, bruclne, 1-butanol, 
1-amino-2-propanoI, 2-amlno-1-propanoI, 2-amino-1-(p-nttrophenyl)-1,3-propanedIol, 2-dlmethylamino-1-php- 
nyM-benzyl-1-propanol, l.fN.N-dimethylaminoJ-l-phenyl-propylamlne, and a residue of an optically active 
a-amino acid and the derivative thereof; or the above-mentioned NR 4 Y. 

The carboxyiic acids forming the organic nonlinear optical substances of this embodiment can be 
represented by the formula (IV): 

O-Ar-4-CH = CH-) CH - C - COOH (IV) 

/ / 0-2 !«' 

CH 2 -0 V CN 

Examples of such carboxyiic acids are 3-(3,4-dioxymethylenephenyl)-2-cyanopropenoic acid, 2-cyano~ 
S-CS^-dioxymethylenphenylJ^^pentadienoioacid, 2-cyano-7-(3,4-dloxymethylenphenyl)-2,4,6-heptatrienoic 
acid, 3-(3,4-dioxymethylene-6-propyIphenyl)-2-cyanopropenoic acid, 2-cyano-5-(3,4-dioxymethylene-ei3ro- 
pylphenyl)-2,4-pentadienoic acid, 2-cyano-7-(3 > 4-dioxymethyle-6-propylphenyl)-2 l 4 l 6-heptatrienolc acid, and 

piperonoyi derivatives. . 

(Hi) Ri represents H or CH 3 , A represents R 2 where R 2 represents H or an alkyl group having 1 to 12 carbon 
atoms, and B represents -OH- Amine* wherein Amine* represents an optically active amine selected from the 
group consisting of 2-amIno-i-butanol, 1-amlno-2-propanol, 2-arnino-1-propanol, 2-amino-1-(p-nitrophe- 
nylM^-propanediol, 2-dImethyiamino-l-phenyi-l-benzyi-l-propanol, and 1-(N ? N-dlmethylamIno)-1 -phenyl 
propylamine. 

The carboxyiic acids forming the organic nonlinear optical substances of this embodiment can be 
represented by the formula (V): 

H -f-CH 0 -) f- CR ' = CH -)— CH = C - COOH (V) 

2 0-12 0-2 « N 

Examples of such carboxyiic acid may include 3~alky! substituted 2-cyano propionic acid derivatives such as 
3-(methyi)-2-cyanopropenoic acid, 3-(n-propyl)-2-cyanopropenoic acid, 3-(n-butyl)-2-cyanopropenolc add, 
3-(n-pentyl)-2-cyanopropenoic acid, 3-(n-hexyl)-2-cyanopropenoic acid; 

5-AIkyl substituted 2,4-pentadienolc acid derivatives such as 2-cyano-5-(methyl)-2,4-pentadienoic acid, 
2-cyano-5-(n-propyl)-2,4-pentadienolc acid, 2-cyano-5-(n-butyl)-2,4-pentadienoic acid, 2-cyano-5-(n-pen- 
tyl)-2,4-pehtadienoic acid, 2-cyano-5-(n-hexyl)-2,4-pentadienolc acid, 2-cyano-5-(n-heptyl)-2,4-pentadienoic 
acid; . 

5-Alkyl substituted 2,4-pentadlenoic acid derivatives such as 2-cyano-5-(methyl)-2,4-hexadienoic add, 
2-cyano-5-(n-propyI)-2,4-hexadienoic acid, 2-cyano-5-(n-butyl)-2,4-hexadlenolo add, 2-cyano-5-(n-pen- 
tyl)-2,4-hexadienoic acid, 2-cyano-5-(n-hexyl)-2,4-hexadienolc acid. 2-cyano-5-(n-heptyl)-2,4-hexadienolc 
acid; 

7-Alkyl substituted 2,4,6-heptatrienolc acid derivatives such as 2-cyano-7-(methyl)-2 1 4,6-heptatrienolc acid, 
2-cyano-7-(n-propyl)-2,4,6-heptatrienolc acid, 2-cyano-7-(n-butyl)-2,4,6-heptatrienoic add, 2-cyano-7-(n-pen- 
tyi)-2,4,6-heptatrlenoic acid, 2-cyano-7-(n-hexyl)-2 l 4,6-heptatrlenoic acid, 2-cyano-7-(n-heptyl)-2,4,6-hepta- 
trienoic acid; 

5-Methyl 7-alkyi substituted 2,4,6-heptatrienolc acid derivatives such as 2-cyano-5-methy1- 
7-(methyi)-2,4,6-heptatrienoic acid, 2-cyano-5-methyl-7-(n-propyl)-2,4,6-heptatrlenoic acid, 2-cyano-5-methyl- 
7-(n-butyl)-2,4 i 6-heptatrIenolc acid, 2-cyanb-5-methyl-7-(n-pentyI)-2,4,6-heptatrienoic acid, 2-cyano- 
5-methyl-7-(n-hexyl)-2,4,6-heptatrienoic acid, 2-cyano-5-methyl-7-(n-heptyl)-2 l 4,6-heptatrienolc add: 

7-Alkyl substituted 2,4,6-octatrienoic acid derivatives such as 2-cyano-7-(methyi)-2,4 l 6-octatrienolc add, 
2-cyano-7-(n-propy!)-2,4,6-octatrienoic add, 2-cyano-7-(n-butyl)-2,4,6-octatrienoic add, 2-cyano-7-(n-pen- 
tylKAB-octatrienoic acid, 2-cyano-7-(n-hexyl)-2,4,6-octatrienoic acid, 2-cyano-7-(n-heptyi)-2 t 4,6-octatrie- 

noic acid, 
(iv) R 1 represents Hi A represents 
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and B re D resents -OH- Amine* wherein Amine 4 represents an optically active amine selected from the group 
Tcnslti^ 1-(a-naphthy0eth^^ 

nooroDane brucine 2-amlno-1-butanol, 1-amlno-2-propanol. 2-amlno-1-propanol, 2-amtao-1-(Mtrophe-. 
nXrCopS IXethylamino-1-phenyl-1-benzyl-1-p^ and 1-(N.N-d.methylamlno)-1-phenyl- 

^Tarbo^icTdds forming the organic nonlinear optical substances of this embodiment can be 
represented by the formula (VI): 

ri+CH-CH-H- CH-C-C0OH (VI) 

0-3 °" 2 CN 

Examples of such carboxyllc acid may Include, for example. 3-(5-membered ring derivatives with hetero 

acfd i^p^^io P propenoic acid. 3-(2-furyl)-*cyanopropenolc ^.^(S-furyO^o^op^ 
add 3-f2-lndolyl)-2-cyanopropenolc acid. 3-(3-indolyl)-2-cyanopropenolc add. 3-(N-methyf 2-pyrrolyl)-2-cya- 
ntpropenoE ^ ac df Wmethyl 3-pyrroiyl)-2cyanopropenolc acid 3-(N*thyl 2-pyrrolyl)-2^ 
acid 3-(N-ethyl 3lpyrroly)-2-cyanopropenolc acid. 3 -(N-n-buty|- 2.pyrroly0-2-cyanopropenote acid. 3-(N-n- 
buM l££&> iSm wpSolo add. 3-(5-nltro 2^uryl)-2-cyanopropenolc add. 3-(5-nltro 3-fury1)-2-cyano- 
SSnSrSuL $6*rtro S-thlenvD^yanopropenolc acid, 3-(5-nltro 2-thleny0-2-cyanopropenoic acid. 

H !^^X^nr^io atoms) substituted 2 ^ano-2.4-pentadieno.c acids such as 

IvoKentadlenote acid; 2-cyano-5-(3-pyrrolyl)-2,4-pentadienolc acid. 2-c y ano^(2-fu^)-2.4^entadlenolc 
acid T 2S0-5- (S-furylJ-i^ntadienolc acid. 2-cyano-5-(2-indolyl)-2.4-pentadieno c add. 2^a^-(3-in- 

Solyn-I^entadlenolc acid, 2-cyano-5-(N-ethyl 2-pyrrolyl)-2,4-pentadleno c acid 2^no-MN-e hyl 

tDv7roM-2 4-pentadienoic acid. 2-cyaho-5-(5-nitro 2-furyl)-2,4-pentadlenolc add. 2^0jM5-nltro 
tZ^A-peSLolc acid. 2^0-^0 ^ienyl)-2.^entadienoio acid. ^cyano-S-lc-nitro 3-thie-. 
nvn-2 4-Dentadienolc acid. 2-cyano-5-(5-chloro 2-lndolyl)-2,4-pentadlenolc add, _ 

6^SSSSmS^3S» with hetero atoms) substituted 2-cyan0-2.4.6-beptatrienolo adds such as 
2 4^^n5wSSptati1enoIc acid. 2-^0-7.(2^^ 2^ano- 
tSoly))-2.4.6-hepatrienolc acid. 2-cyano-7-(3-pyrrolyl)-2.4.6-heptatrienolc add. 2-c^no- 
7-2-KS46iepteSenolc acid. 2-cyano.7K3-fu I yl)-2.4.6-heptatrienoic add. ^f'^^ 
I wThlpSSo acid. 2-cyano-7-(3-furyl)-2.4.64,eptatriaenoic acid 2 ^7-(2^dol^ 
Senoiradd 2-cyano-7-(3- ndoM)-2.4.6-heptatrienolc acid. 2-cyano-7-(N-methy] 2-pyrTolyD-2.4.^eptatrle. 
n?^acld!?%S Wmethyl a^yrrdVlJ^.e-heptatrienolc acid. 2-cyano-7-(N-ethyi 
trienoic acid. 2-cyano-7-(N-ethyl 3-pyrrolyl)-2,4,6-heptatrienolc q acid, t 2^o-7-(N-j^ 2-pyrro- 
M).2°4.6-heptatrienolc add, 2-cyano-7-(N-n-butyl 3-pyrrolyl)-2,4,6-hept a trlenote add. 2^yeno-7-(5-nrt«, 
2^ uryl)-2,4.M 1 eptatrienolc add, 2^cyano-7-(5^itro 3-furyl)-2.4,6-heptatrienoic add. 2^an^7-(5^nitro 24We- 
nyl?I!4,frJ,exatrienoic acid. 2-cyano-7-(5-nltro a-thtenyD-^.S-heptatrienolc acid. 2-cyano-7-(5^chloro 2-lndo- 
lyl)-2,4,6-heptatrienoic add. _ 

^tlfpre sent Invention will now be further illustrated by, but Is by no means limited to. the following 
Examples. 

Synthetic Example 1 

wL aZd^TrsoSd was Covered. The solid was subjected to recrystallization from me^anoUepeated 
twice to oive 6 38 g of the desired product. m.p. 218 - 219° C. The elemental analysis of C 68.40<Vb. H 5.88%. N 
cotwed weilw!th the calculated values of C 69.360/0 H 5.84o/o. N 11 1.56<W,. IR ^SSSSSTa 
d esence of CN group at 2216 cnr\ COOH group at 1673 cnr', benzene ring and conjugate double bond at 
1615. 1586. and 1551 cm"i being recognized In NMR spectrum, absorption by methyl 9roup was recognfced at 
3 08 ppm and AB type absorption based on benzene ring at 6.80 and 7.60 ppm. Xmax was found to be 440 nm. 
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Synthesis Example 2 

Synthesis of 2-cyano-3»(4-dimethyiaminopheny!)-2>prop€nolc acid (2) 
In 400 ml of an aqueous solution of 13.77 g of sodium hydroxide, 34.80 g of methyl cyanoacetate was 
5 dissolved and 34.01 g of p-dimethylamino benzaldehyde was then added under a nitrogen atmosphere, 

followed by adding 200 ml of ethanol to obtain a uniform solution. Under reflux, the stirring was continued for 

51 hours and the reaction mixture was added to 12 N hydrochloric acid to obtain the precipitates, the resultant 

solid was repeated twice to recrystallize from a methanot/ethanol mixture to obtain 13.51 g of the needles. 

NMR spectrum: methyl group at 3.08 pprn, doublet benzene ring at 6.84 6.82 ppm and 7.93 - 7.95 ppm, and 
10 -CH= group at 8.25 ppm 

Yield: 370/o 

m.p.: 226- 228° C 

Elemental analysis: C 66.820/0, H 5.56oyb, N 12.76% (Calc. C 66.140/o, H 5.60%, N 12.960/o) 
Timax in ethanol: 399 nm 

Synthesis Example 3 

Synthesis of 2<?yano-5-(4-methoxyphenyl)-2,4-pentadienolo add (3) 
The desired compound was prepared in the same manner as in Synthesis Example 1 by using 162 g of 
20 p-methoxycinnamic aldehyde having a melting point of 45.5° C, which was obtained from p-methoxystyrene 
and phosphorus trichloride according to a method disclosed in J. Amer. Chem. Soc., 78, 3209 (1956), 4.8 g of 
sodium hydroxide and 1 1 .3 g of methyl cyanoacetate. The product was recrystallized from ethanol to obtain the 
needles having a melting point of 240° C at a yield of 69%. 

Elemental analysis: C 68.11%, H 4.810/0, N 6.10<Vb (Calc. C 68.10%, H 4.850/o, N 6.11 0/0) 
25 NMR spectrum: methyl group at 3.83 ppm, doublet benzene ring around 7.02 - 7.64 ppm, and -CH= group at 
7.09, 7.59 and 8.06 ppm. 
Xmax in ethanol: 372 nm 

Synthesis Example 4 

30 

Synthesis of 2-cyano-3-(3,4wriethylenedioxyphenyl)-2-i3ropenolc add (4) 

To ah aqueous solution containing 1420 g of sodium hydroxide and 33.75 g of methyl cyanoacetate, 30.32 g 
of 3.4-{methyIenedioxy)benzatdehyde was added, followed by stirring at 95° C for 16 hours. After completion of 
the reaction, an aqueous diluted hydrochloric add solution was added to obtain a pale yellow solid. The 
35 resultant solid was recrystallized from ethanol to obtain a crystal having a melting point of 233° C. 
Elemental analysis: C 61.01o/o, H 321o/o, N 6.37<Vb (Calc. C 60.83%, H 3.260/b, N 6.45%) 
infrared spectrum: Absorption by -CN at a wavelength of 2224 cm* 1 , -COO- at 1677 cm* 1 , conjugated system 
at 1575 cm* 1 and 1293 cm" 1 

NMR spectrum: -CH2- at 6.19 ppm(s), -CH = at 822 ppm(s), and -H based upon a benzene ring at 7,12, 7.63, 
40 and 7.68 ppm. 

Synthesis Example 5 

Synthesis of 2-cyano-3-(3,4-dimethoxyphenyl)-2-propenoic acid (5) 

45 To 150 ml of an aqueous solution of 9.19 g of sodium hydroxide, 20.50 g of methyl cyanoacetate was added 
and, under stirring, 25.38 g of 3,4-dimethoxybenzaldehyde was further added, followed by heating at 85°C for 
40 hours under stirring. After completion of the reaction, the reaction mixture was added to 50 ml of 12 N 
hydrochloric acid to recover the resultant solid. The solid was repeated twice to recrystallize from ethanol to 
obtain 19.84 g of the desired compound. 

50 M.p.: 206.13°C 

Elemental analysis: C 61.944b; H 4.780/0, N 6.040/0 (Calc. C 61.79%, H 4.760/0, N 6.01%) 

IR spectrum: Absorption by CN group at 2221 cm" 1 , COOH group at 1716 cm- 1 , benzene ring at 1596, 1573, 

and 1512 cnr 1 and presence of conjugated double bond. 

NMR spectrum: Absorption by methyl group at 3.97-4.01 ppm, ABX type absorption based upon benzene 
55 ring at 7.00, 7.55, and 7.88 ppm 
Xmax in ethanoi: 353 nm 

Synthesis Example 6 

60 Synthesis of 2-cyano-3-(2,4<llnltrophenyl)-2-propenolc acid (6) 

The desired compound (6) was obtained in the same manner as in Synthesis Example 5, except that 
2,4-dinitrobenzaldehyde was used instead of 3,4-dimethoxybenza!dehyde. 
M.p.: 210°C 

Elemental analysis: C 46.000/o, H 1.9BO/o, N 16.03% (Calc. C 46.53%, H 1.920/0, N 15.97% 

65 
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Synthesis Example 7 

Synthesis of 2-cy«nc>5-(3.4-dimet hoxvphenyl)-2,4.pentadlenolc acid (7) h 
The desired comoound (7) w as obtained In the same manner as in. Synthesis Example 1 , exce F«J n " 

and phpsphorus trichloride. 

ElfmeZ'Llysis: C 64.70%, H 5.150/0, M 5.620/o (Calc. C 64,85%, H 5.06%, N 5.40»/o) 

S ^e e c1> S m^und%Vl4) shown In Table 1 were synthesized from the corresponding aldehydes and methyl 
cyanoacetate in the manner described above. 

Table 1 1S 
Synthesis of Aromatic Derivative: 



10 



Com- Structure m.p. (°C) Xmax* 

pound 20 



No. 



Elemental analysis (C, H, N)(F: 
Found/C: Calcd) 



25 



30 



8 P-NO2-C6H4- 208 302nm 
CH»C(CN)- 
COOH 

F 54.91 2.93 12.80 / C 
55.05 2:75 12:84 

9 p-CH 3 - 229 320nm 

0-C 6 H4- 
CH«C(CN)- 
COOH 

F65.1O4.646.71/C65.024.965r.89 

10 H-C0H4- 210 295nm & 
CH-C(CN)- 

CQOH 

F 69.58 4.36 8.03 / C 69.35 4.08 8.09 

11 CeHs- 212 320nm 

CH-CH- 4(7 

CH=C(CN)- 

COOH 

F 72.50 4.60 7.01 / C 72.34 4.56 7.04 

12 CeHs- 238 360nm 

CH«CH- _ . ■ 45 

CH~CH- 

CH«C(CN)- 

COOH 

F 74.75 4.88 6.35 /C74.644.93 6.22 

13 m-CH 3 - 166 296nm 50 
O-C6H4- 

CH«C(CN)- 
COOH 

F 70.69 6.67 12.377 C. 
71.18 G.88 12.46 

14 P-C1QH21O- 82 
CaH4- 

CH=C(CN)- 

COOH eo 
F 73.55 8.55 4.15 / C 73.43 8.53 4.08 

♦1: determined In methanol 

65 

Synthesis Example 15 
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Synthesis of trans,trans,ta^s.2-cyano-7-^ acid (15) 

To 150 ml of an aqueous solution containing 6.87 g of sodium hydroxide and 16,40 g of methyl cyanoacetate 
14.85 g of tfans,trans-2,4-decadienal was added, followed by heating at 100° C for 16 hours under stirring. After, 
completion of the reaction, an excess amount of an aqueous hydrochloric acid solution was added thereto to 
obtain a viscous solid. The resultant solid was recrystallized from n-hexane to obtain the crystal having a 
melting point of 98 - 102° C. 

Elemental analysis: C 70.000J6, H 7.750/o, N 6.27% (Calc. C 71.190/o, H 7.830/0, N 6.390/0) 
IR spectrum: -CN at 2211 cm" 1 , -COO- at 1609 cnrr 1 , conjugated system at 1561 cnr 1 and 996 cnrr 1 
NMR spectrum: -CH - CH- at 6.25 - 7.95 ppm, long CH 2 - and CH 3 - at 0.85 - 2.2 ppm, integrated Intensity was 
well coincided. 



Synthesis Example 16 

15 Synthesis of trans t trans,2-CYano-5-(n-heptyl)-2 t 4-pen tadienoic acid (16) 

" The desired compound was synthesized and purified in the same manner as In Synthesis Example 15, 
except that trans 2-decenaI was used as a starting material. Thus crystals were obtained. 
Elemental analysis: C 71.20%, H 8.900/o, N 6.17% (Calc. C 70.55%, H 8.67%, N 6.330/o) 

20 Synthesis Example 17 

Synthesis of 2-cyano-3-(2-thlenyl)-2-propenolo acid (17) 

" To 160 mi of an aqueous solution containing 20.97 g of sodium hydroxide and 46.11 g of methyl 
cyanoacetate, 40.08 g of thlophene 2-carboxyaldehyde was added, followed by heating at 90° C for 9 hours 
25 under stirring. After completion of the reaction, an excess amount of hydrochloric acid was added and the 
resultant solid was recovered. The solid was recrystallized from ethanol to obtain the needles. 
M.p.: 234° C 

Elemental analysis: C 53.630/o, H 2.69%, N 7.800/&, S 17.700/o (Calc: C 53.61%, H 2.820/ 0| N 7.820/o, S 17.890/o) 
NMR spectrum: proton of thiophen ring at 7.34, 8.02 and 8.17 ppm, proton at p-position at 8.55 ppm 
30 Xmax in ethanol: 335 nm 

Synthesis Example 18 

Synthesis of 2-cyano-3-(3-thlenyl)-2>propenoic acid (18) 
35 The desired compound (18) was prepared in the same manner as in Synthesis Example 17, except that 
thlophene 3-carboxyaldehyde was used instead of thlophene 2-carboxyaldehyde. 
M d ■ 211°C 

Elemental analysis: C 53.730/0, H 2.71, N 7.73%, S 17.520/o (Calc. C 53.6W0, H 2.820/o. N 7.820/0, S 17.890/o) 
40 Synthesis Example 19 

Synthesis of 2-cyano-3-(2-pyrrolyl)-2-propenoic acid (19) 

After 36.93 g of methyl cyanoacetate and 16.94 g of sodium hydroxide were dissolved in 260 ml of water, 
23.80 g of pyrrole 2-carboxyaldehyde was added thereto, followed by heating at 95° C for 30 hours under 
45 stirring. Thereafter, hydrochloric acid was added and the resultant solid was recrystallized from a mixed 
solvent of ethanol/methanol to obtain the crystal having a melting point of 213°C. 
Elemental analysis: C 59.340/o, H 3.820/o, N 17^60/o (Calc: C 59.25%, H 3.730/o, N 17.280/o) 

Synthesis Example 20 

Synthesis of 2-cyano-3-(2-furyl)-2-propenoic acid (20) 

The desired compound (20) was obtained in the same manner as In Synthesis Example 17, except that 
furfural was used. 
M.p.: 219°C 

55 Elemental analysis: C 59.02%, H 2.95, N 8.530/o (Calc: C 58.89%, H 3.100/o, N 8.59%) 
Xmax In ethanol: 330 nm 

Synthesis Example 21 

60 Synthesis of 2-cyano-5-(2-furyl)-2 1 4-pentadienoic acid (21) 

The desired compound (21) was prepared in the same manner as in Synthesis Example 17 except that 24.7 g 
of 3-(2-furyl) acrolein was used. 

The melting point of the resultant compound was 220° C and the structure thereof was confirmed by the 
elemental analysis value and NMR spectrum. The Xmax in ethanol was 368 nm. 

65 
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Synthesis Example 22 

ald?h% rSSSWBc-tt-on reaction with phosphorus oxvtric^ri* -mentioned in Synthesis 
Example 3. The trans structure of the resultant was confirmed by an NMR spectrum. 

Synthesis Example 23 

samTmSnSSTn ^S Example 1 by using 21.34 g of indole 3-oarboxyaidehyde, 9.47 g of sodium 
hydroxide and 23.46 g of methyl cyanoacetate. 

ElemeSal'analysis: C 68.33Vo. H 3.770*. N 13.290/0 (Calc.: C 67.920/o, H 3.80°*. N 13.200/o) 15 
Xmax in ethanol: 378 nm 



10 



p. 37987^^ m 1968). the generation of the second "™ nlc ^ o ^ 

rnmnound of the Dresent invention. As the incident ray source, a beam of 1.06 u of Nd.YAQ laser (2 w/z khz 
SSSl emoloved £3 Irradiated on the powdery sample filled In a glass ceO. The Incident light was filtered 
^^JSSS^SSS^ at an Incident angle of 55» from the normal direction was detected to 
Kate tnT effed torn the strength of the Incident light. As the sample for Control, urea powder or 
£2 oaSfn ^po^de?h a r g a paAicle size of 50 to 90 pm, which was previously powdered followed by 
S£ wL eSS Regarding 1he resistance to a laser beam, the laser beam was Irradiated to the sample 
and S deformaKln^welrance was visually observed. Generally, the determination of the principal 
cJaracteritS -Z carted cut at a non-focus point because the Intensity of the laser beam was strong. 

^39*0 amount of the carboxyllc acid compound (1) obtained In the Synthesis Example 1 was dissolved in 
15? ml of te^hydrohiran and. tothe resultant solution, 1.18 g of L-(-)-1-(phenyl)eth)rtamlne i was added "nde r 
ISinb MomlntS the precipitate was generated, which was filtered to recover 3.16 g of a reddish orange 
so£ S from ethanol/methanoi mixture to obtain 2.16 g of needles. The elemental 

^0^.0! ^oSmi? e^l^aKsSO/o,. N: 1 1 .6 3 o/o (Calc. H1.5S V o, ,R spectrum: carboxylate at 

^the^of" t'he carboxyllc add (1), the absorbance of the COOH group at 1673 cm-i was shifted to about 

an?meth^ « 1» PP m - 108 re,ative ratl ° ot ?" ^ T7 fSSSZ 

Senstowas™ inica ing the formation of a salt of csrboxy^ = ^^"E^^SS 

was also confirmed I from the elemental analysis. The Xmax of this salt In ethanol was 420 nm which was 
ch^oed to Sw wavelength side by 20 nm when compared with that of the corresponding carboxyllc acid 
m The belting Srt was 18?0 and me degree of the optical rotation [a]o at Na-D ray In methanol was -5 
c = 0 5971 S theTowder was irradiated by e 1.06 u light of Nd-YAG laser, the Intensity of the second 
hamionlc generation was about 3 times of that of m-nitroanlllne. 

^e^caT boxyllc acid (12) prepared in the Synthesis Example 12 was used to ^form a salt with 
J^S^SS^S^ a THF' solution In the same manner as In Example 1. The .cartels wera 
^PiSeo Sne elapse of time. The resultant crystal a mbced **** ° f 

coSde^ value of C: 76.260/o, H: 6.41«Vb. and N: 8.090/0 in terms of a 1:1 salt of the 

rt ?OT^S?-^^Tl8) was shifted to about 1620 cm- to reveal the onroflon, > *e s*l 
The NMR spectrum gave'an Integrated intensity suggesting the formation of carboxyhc famine of 1.1. 
^degree of the optical rotation [a]o at Na-D ray In methanol was +0.97 degree , (c = J^™^™^. 
Ithonni «f th B resultant salt was 355 nm. which was changed to the low wavelength side by 5 nm wnen 
comSed S mafoUn ^ponding carboxyllc acid. When the powder was irradiated by a 1.06 u light of 
SS5 KlES? irrtensllj oTthS second harmonic generation was about 1.8 times of that of m-n,troanil,ne. 



20 



25 



SO 



40 



45 



50 



55 



60 



65 



: a in salt of carboxyllc acid (1) and 1-(phenyl)ethyiamine 

13 



EP 0 335 641 A2 



^oSS^^L amine salts of various carboxylic acid compounds were obtained in the s^emanner^ in 
Example 1 , and their second harmonic generating abilities were determined. The results are shown in Table Z 

Table 2 



10 



15 



20 



25 



30 



35 



Example Carbox- m.p. 
No. ylic acid (°C) 
amine 



Elemental analysis (Found/Calc.) 



Degree of 
optical 
rotation 
[a]o 



Xmax 



SHG 
genera- 
ting 
ability ' 



3 


1 1 


147 


C:74.92°/o. 


H:6.14%. 


N: 8.770/0 


-2.01 


PEA 




(0:74.96%, 


Hfi.300/o, 


N: 8.740/0) 


-0.33 


4 


O 
c 


177 


0:70.69%, 


H:6.67%, 


N:12.37% 




PEA 




(0:71.18%, 


H:6.88%, 


N:12.46%) 


-0.88 


5 


9 


136 


0:69.96%, 


HS.04%. 


N: 8.61% 




PEA 




(0:70.34%, 


H:6.23%, 


N: 8.64%) 




6 


10 


164 


0:72.82%, 


H:5.9B%, 


N: 9.580/0 


-0.73 


PEA 




(0:74.45%, 


H:6.26%, 


N: 9.65%) 




7 


13 


149 


0:70.41%, 


H«53%, 


N: 8.620/0 






PEA 




(C:70.S4%. 


H:6^30/o, 


N: 8.620/0) 




8 


5 


207 


0*7.74%, 


H«.120A, 


N: 7.940/0 




PEA 




(0:67.77%, 


H«.27%, 


N: 7.91%) 




9 


4 


176 


0:67.79%, 


HS.37%. 


N: 8.21% 




PEA 




(0:67.43%, 


H:5.37%, 


N: 828%) 


+2.35 


10 


8 


154 


0:63.31%. 


H:4.78?%, 


N:12.25% 


PEA 




(0:63.70%, 


H:7.940/o, 


N:12.380/o) 




11 


23 


175 


0:71.90%, 


H:5.64%. 


N:12.520/o 




PEA 




(0:72.04%. 


H:5.76%. 


N:12.61o/o) 




12 


20 


150 


0:6750%, 


H:5.640/o. 


N: 9.520/0 




PEA 




(0:67.58%, 


H5.680/0, 


N: 9.850/0) 





325 nm 
385 nm 
320 nm 
288 nm 
285 nm 
333 nm 
337 nm 
302 nm 
358 nm 
320 n m 



PEA: L-(-)-phenylethylamine 
* (relative to m-nitroaniiine (m-NA)) 



1.2 
0.4 
0.3 
0.1 
0.3 
02 
0.3 
0.1 
0.1 
02 
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A 0 67 o amount of the carboxyiic acid 4 obtained In Synthesis Example 4 was dissolved in 7 ml of 
tetVahSofur^ fctoSwdby adding 0.92 g of optically active R-(-).1>(a.naphthyl)ethylamine The resultant 
so ethanoKThe melting point was 171*C and the ^^^^ 

intensity of the absorption peaks of the carboxylic acid (4) component to (a-naphthyl)ethylamine component 
such as methvl arouD obtained from the NMR spectrum was 1:1. • 

tL ZSSmSSi was C 71 J9M. H 5.20%. N 751%. which was coincided wtth the calculator »Je,C 
71.55%. 5.26%. H 750% which was based upon the formation of a 1:1 salt of the carboxyhc acid and the 

'"wien the resultant crystal was finely powdered and the generation of the second harmonic generation was 
determined, the intensity of the emission Is about 1.5 times of that of the urea. 

& A"o P 93 1 g 4 amount of the carboxylic acid (1) obtained in Synthesis Example 1 was dissolved h jOmlef 
tetrahydrofuran. followed by adding 0.70 g of S-(-)-1-(a-naphthyl) ethylene thereto. The resultant soHd was 
recovered and washed thoroughly with tetrahydrofuran. After drying the cry^ havmg a melting | poj* erf 
171°C. The degree[o]o of the optical rotation of the sample in methanol was J 3 ^ 0 de f c ee < c ^ °/°^f 
was 421 nm. The maximum wave length was approximately coincide with that of Sample 1. The second 
termor c oeneSion generating ability of the crystal was about 3.9 times of that of urea. Furthermore when 
the c™stailine powder was exposed to the laser beam for a long time, apparent damage was not observed. 

^Various optimal ly active amine salts were prepared in the same manner as In Example 14 and the second 
harmonic generating abilities were determined. 
The results are shown In Table 3. 
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Table 3. 



Exam 


Carboxylic Optically active 


SHQ 


pie 


acid amine 


generating 
ability M 




15 


Synthesis 1-Phenyl^ 
Example 5 2-methylethyl- 
amine 


1.5 


16 


Synthesis- 1-(Phe- 
Example 7 nyl)ethyl- 
amlne 


5.0. 


17 


Synthesis 1-(a-naph- 
example / tnyijetnyiamin© 


3.5 


18 


Synthesis 1-(Phe- 
Exarnple 5 nyl)ethyl- 
amine 


2.0 


19 


Synthesis 1 -Phenyl- 
Example 5 2-aminopro- 
pane 


2.5 



*1: Based on urea powder 
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Example 20 

A 1?54 g amount of the thlophene-contalnlng carboxylic acid (17) obtained in Synthesis Example 17 was 
dissolved In 40 ml of tetrahydrofuran, followed by adding 1.46 g of optically active R-{-)-1 -(phenyl) ethylamine. 
The precipitated solid was recovered and recrystallized from ethanol to obtain the crystal having a melting 
point of 171°C (decomposition). ■ ^ 

The elemental analysis, values were C $3,850/0, H 5.15<>/o, N 9.3QO/o, S 10.400/o. which were well coincide with 
the calculated values, C 63.970A>, H 5.380/q, N 9.330/o, S 10.17<Vb based upon a 1 :1 amine salt of the carboxylic 
acid. The Integrated Intensity ratio cf the absorption peak of the carboxylic acid of Synthesis Example 17 and 
phenethylamine from the NMR spectrum. The maximum absorption wavelength was. 322 nm. When the second 
harmonic generation was determined after the crystal was finely powdered, the green emission having the 35 
ability of about twice of that of urea was observed. 

Example 21 

A 1.51 g amount of the 3-substftuted thiophene carboxylic acid (18) obtained In Synthesis Example 18 was 
dissolved in 20 ml of tetrahydrofuran, followed by adding 1 .20 g of R-(-)-1 -(phenyi)ethylamlne. The precipitated 40 
solid was recovered and recrystallized from ethanol, after drying, to obtain the crystal having a melting point of 
171*C (decomposition). ( , L , tJ , lU 

The elemental analysis values were C 63*82%, H 5.07o/o, N: 9.31%, S 10.57%, which were well coincide with 
the calculated values, C 63.970/o, H 5.38%, N 9.33%, S 10.170/o based upon a 1 :1 amine salt of the carboxylic 
acid. The Integrated intensity ratio of the absorption psak of the carboxylic Q f Synthesis Example 18 and 45 
phenethylamine from the NMR spectrum. The maximum absorption wavelength was 322 nm. The second 
harmonic generating ability of the crystal was 3 times of that of urea and the maximum absorption wavelength 
of the sample in ethanol was 322 nm. 

Example 22 * 50 

A 0.99 g amount of the carboxylic acid (21) obtained in Synthesis Example 21 was dissolved in 40 ml of 
tetrahydrofuran, followed by adding 0.78 g of optical active R-(-)-1-(pheny!)ethylamine thereto. 

After n-hexane was then added, the precipitated solid was recovered. The solid was recrystallized from 
ethanol to obtain the crystal having a melting point of 121°C (decomposition). The elemental analysis data 
were C 69.550/0, H 5.95<Vb, and N 9.00%, which was well coincided with the calculated values of the optically 55 
active amine salt of the synthesized carboxylic acid (21). The emission having an intensity of about 5 times of 
that of urea was observed by an Nd-YAG laser beam. The maximum absorption wavelength of the sample In 
ethanol was 350 nm. 

en 

Example 23 

A 320 g amount of the carboxylic acid (12) obtained In Synthesis Example 12 was dissolved in 50 ml of 
tetrahydrofuran, followed by adding 2.50 g of R-(-)-2-amlno-1-butanoI thereto. 

The precipitation was momentarily generated and, after filtering, 3.00 g of yellow solid was recovered a 
mixed solvent of ethanol/methanol to obtain 2.1 g of the needle having a melting point of 187° C. The optlcal 
rotation degree in methanol with an Na-D ray was 16 degree. The maximum absorption of the sample in 65 
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methanol was 355 nm amine salt of the synthesized carboxyiic. The second harmonic generating ability of the 
powder was 33 times of that of urea. 

Examples 24-42 

5 The salts of various carboxyiic acids and optically active alcohol amines were carried out in the same manner 
as In Example 23 and the second harmonic generating abilities of the, resultant crystals were determined. 
The results are shown In Table 4. 

Table 4 



20 



25 



40 



45 



Exam 


Carboxyiic 


Optically 


SHG 


pie 


acid 


active amine 


generating 




base 


ability *1 


24 


no 
23 


i-Amino- 








2-propanol 




25 


1 


2-Amlno- 


6.9 






1-butanol 




26 


2 




1.8 


27 


10 


■ 


1.2 


28 


2 


1 -Amino- 


30.0 






2-propanol 




29 


10 


■ 


1.1 


30 


1 


• 


26.0 


31 


12 


* 


1.1 


32 


2 


2-Amino- 


0.5 






1-propanoi 




33 


10 


• 


0.2 


34 


12 


2-Amino- 


0.7 






1-(p-nitro- 








phenyl)- 








1 ,3-propahe 








dlol 




35 


12 


2-Dimethyl- 


0.6 






amino-1-phe- 








nyj-1-phenyl- 








1-benzyl- 








1-propanol 




.36 


17 


2-Amlno- 


3.0 






1-butanol 




37 


17 


2-Amlno-_ 


1.5 






1-propanol 




38 


4 


■ 


1.3 


39 


20 


■ 


3.8 


40 


20 


2-Amlno- 


5.0 






1-butanol 




41 


21 


■ 


3.6 


42 


19 


9 


3.2 



*1: Based upon urea powder 



55 Example 43 

A 0.89 g amount of dimethoxy substituted conjugated carboxyiic acid (7) obtained In Synthesis Example 7 
was dissolved in 10 ml of THF, followed by adding 0.42 g of dextrorotatory R-(-)-2-amino-1-butanol. The 
resultant precipitates was filtered and recrystallized from ethanol to obtain the white crystal having a melting 
point of 130.5° C. The NMR spectrum of the resultant solid revealed the integrated intensity, which shows the 

60 formation of 1:1 by mole salt of the corresponding carboxyiic acid and amine. The crystal was finely powdered 
and the second harmonic generating ability was determined. As a result, the emission capability thereof was 
5.8 times of that of urea. The maximum absorption of the sample in ethanol was 370 nm. The powder of 
2-methyl-4-nitroaniline used as a control was melted and carbonized under the determination conditions of the 
second harmonic generating ability, whereas the change in the emission capability of the present sample with 

65 the elapse of time was not observed and the damage resistance of the present sample against light was good. 
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Example 44 

The amine salt was formed in the same manner as in Example 43, except that R-(-M -amino-2-propanol was 
used as the optically active amine. The second harmonic generating ability of the resultant salt was about 4 
times of that of urea ancfthe ability was not changed with the elapse of time. Thus, it has been observed that a 5 
high resistance to the light damage was good 

Example 45 

The salt was formed in the same manner as in Example 43, except that the dimethoxy compound (5) 
obtained Irr Synthetic Example 5 as the carboxyiic acid, the emission capability of the resultant salt was not 10 
changed when the sample was exposed to a laser beam for a long time. 

Example 48 

A 2.30 g amount of L-phenylalanlne ethyl ester hydrochloride was suspended \h 50 ml of ether, followed by 15 
adding thereto 0.96 g of triethyl amine and further 30 xn\ of water, ten mi of the supernatant ether phase was 
recovered and this solution was added to a previously prepared solution of 0.26 g of the. above-mentioned 
carboxyiic acid (t) in 6 ml of THF. The needteswere obtained with the elapse of time. The decomposition of this 
crystal was 180° & When the second harmonic generating ability of this crystal was determined, the intensity 
was about 15 times of that of urea. 20 

Example 47 

A 3.30 g amount of L-vaiina methyl ester hydrochloride was suspended in 50 ml of ether, followed by adding 
thereto 1.89 g of triethyl amine to obtain an ether solution of the L-valine methyl ester. This solution was added 
to a solution of 0.12 g ofthe above-mentioned carboxyiic acid (2) In 10 ml of THF to obtain the needies. When 25 
the second harmonic generating ability ofthe crystal powder was determined, the intensity was 3 times of that 
of urea. 

Examples 48-64 

The amine salts of c^amlno acid esters of various carboxyiic acids were obtained in the same manner as in 30 
Examples 1 and 2 and the second harmonic generating abilities were determined. 
The results are shown in Table 5. 
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Table 5 



5 



10 



15 



25 



30 



Exam 
pie 


Carboxylic 
acid 


Optically 
active amine 
base 


SHQ 
generating 
ability *1 


48 


10 


L-Phenvl- 








alanine ethyl 
ester 




49 


12 


■ 


10 


50 


8 


• 


5 


51 


10 


■ 


7 


52 


13 


■ 


5 


53 


15 


• 


4 


54 


19 


■ 


4 


55 


1 


L-Valine 


12 






mnthvl fictpr 




56 


•j-j 


■ 


1*5 


57 


14 


■ 


A 
*r 




19 


■ 


lo 


59 


16 


■ 


3 


60 












cine methyl 
ester 




61 


9 


■ . 


5 


62 


7 




11 


63 


1 


a-N-Benzyol- 


8 






L-aginine 








ethyl ester 




64 


7 


• 


3 



•1: Based on urea 
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Example 65 

Synthesis of S-(-)-phenethyl 2-cyano-5-phenyl-2,4-pentadlenc>carboxamlde (24) 
40 A 3.3 g amount of an acid chloride of the compound (11) obtained by thermally treating the compound (11) 

with thionyl chloride was added, under vigorous stirring, to 20 ml of dioxane containing 1 .8 g of S-(-)-phenethyl 

amine and 1.5 g of triethyl amine. After stirring at room temperature for further 3 hours, the reaction product 

was added to a large amount of water and the resultant precipitates were filtered, followed by recrystallizlng to 

obtain 2.7 g of yellow needles having a melting point of 117°C. 
45 Elemental analysis: C 79.500/o, H 6.05^0, N 9.300/o (Caic. C 79.440/o, H 6.000/o t N 9.26<>/o) 

IR absorption spectrum: -NH- group at 3364 cnrr 1 , CN group at 2216 cnr 1 , amine I, II at 1649 cm" 1 and 1522 

cm" 1 . 

Xmax in dioxane: 336 nm 

When the second harmonic generating ability of the crystal was determined, the intensity was about 11 
50 times of urea and there are no substantial deformation, when the sample was irradiated for a long time. 

Example 66 

Synthesis of S-(-)-phenethyi 2-cyano-7-phenyi-2 t 4 t 6-hepta"triene-1>carboxamide (25) 
55 A 1.79 g amount of the acid chloride of the compound (11) (m.p. 143° C) obtained by thermally treating the 

compound (11) with thionyl chloride was added, under vigorous stirring, to 30 ml of THF containing 1.06 g of 

S-(-)-phenethyl amine and 0.70 g of pyridine dissolved therein. After completion of the reaction, a large amount 

of water was added to the reaction product and the resultant precipitates were filtered, followed by 

recrystaliizing, to obtain 1.6 g of a crystal having a melting point of 128°C. 
60 Elemental analysis: C 80.74<Vb, H 6.200/o, N 8.660/0 (Caic. C 8O.440/0, H 6.150/o, N 8.530/o) 

IR absorption spectrum: -NH- group at 3360 cm" 1 , -CN group at 2216 cm" 1 , presence of amine I, II at 1649 cm" 1 

and 1522 cm" 1 . 

Xmax in ethanoi: 370 nm 

NMR spectrum: the methyl group of phehethyl group at 1.57 ppm, -CH - at 7.99 ppm, 6.79 - 7.05 ppm, 6.82 
65 ppm (Thus, the structure of the desired compound was confirmed) 
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When the second harmonic generating! ability of the crystal was determined, It was observed that the 
intensity was 1.1 times-of urea and thererare no. substantial deformation after a long time Irradiation of a laser 
beam. 

Example 67 . 5 

Synthesis of Sr(^)1»(grnaphthyl)ethyl 2-cyano-7"phenyl'2 t 4 l 6>hepta-triene-1-carboxam1de (26) 

To a dry THF solution of. an equivalent mixture of the. compound (12) and S-(-)1-(a-naphthyi)ethylamine, 
dlcyclobexyicarbo diimide was added, followed by stirring for one night The precipitated dicyclohexyl urea 
was recovered by filtration and the mother liquor was concentrated, followed by recrystalllzing from a mixture 10 
of ethanol/methand to obtain a white solid having a melting point of 100° C. 

IR absorption spectrum: -NH- group at 3360 cnr 1 , CN group.of 2220 cnr 1 , presence of amide I, II at 1650 cnr 1 
and 1622 cnr 1 

When the secondrharmonic generating ability of the crystal was determined, the intensity was 4 times of that 
of urea and: there are no substantial deformation after a long time* irradiation of a laser beam. 15 

Examples 6B»72 

Various optically active amides shown, in Table 6 were obtained from various carboxyllc acid and optically 
active acid amide; 
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Claim* 

1 An organic .nonlinear optical substance having the formula (l)'A -fCR 1 «=CH+ n 

CN' 0 

wherein.R 1 represents -H or -CHa;. 
n Is 0,1, or 2; 
Arepresents-Z 1 -Ar- f 



.2 



C - C 



Z*->Ax:-, r 2 - , or (z 5 V|r | * 

i V c - 



Z 3 ^Ar 



z 



70 



15 



SO 



wherein Ar represents a 6 - 14 membered aromatifc group Including a heterocyclic ring or bisphenylene 
Sr^gTzWreints H, HWIK «H NC-. R'OCO-, E5B& 

flisC0(fiW, or R«-; Z*. Z?. and Z* Independently represent H-. a Ci-Cs alkyt-, R«0-.. R 17 R"N. 
R1«S- Oahk ortwo R™ being, In cQmblnatlQnr. RWGHt: ; R*represents H- or a CirCia alkyl;RMo R» 
indeoendently represent*, or a Ci-Cw hydrocarbon, residue; Z« Independently represents Hs a Ci-Cs 25 
ISSSSSSS^tmUm. 0 a N-,R«O-, R«BS NC orR 28 R B4 N-, wherein R» to RJ* Independent* 
represent H or a Ct-Ga saturated hydrocarbon. residue; X represents -S-, -O-, or X NR»; r Is 0 cr an 
Integer of 1 to 3; and R« represents H or a hydrocarbon group having 1 to 8 cartonjtoms; 
B represents -OH .Amine* where Amine represents an optlcallysctlve amine; -NR*Y where Represents 
:Ho?aelngle bond; Y represents (CHa)p CQ 1 Q 2 Q 3 where p Is 0 or 1; Q«. QMjtfg are different and 30 
reoresent 4i a Ci-C B alkyl, phenyl, naphthyl. -OH. -CH a OH„ -COOR**, -CNR 26 R a7 , a residue erf an 
.ShtftoM 2S amino grouj Is removed, where R* to R 27 independent^ represent 41 or 
iSe hydrocaroon residue; or -GQ*Q 5 Q e where Q*. Q 5 and Q* are different and Q* and Q» are as 
defined for Q 1 ,<3* and Q 2 andO* represents (CHa)* of which one bondls linked to the bond of R 4 where g ^ 

IsanlntegBrofU^ optical substance as claimed in claim 1. wherein in the formula (OvR 1 
repres?nte H Zt represents H-. R S R 6 N-, R*0-. R«S-. NO. R 2 OCO, R^COO-. OaN- ,R 11 R 12 NOC- 
R«cO(R u )N-. orR 15 -, Ar represents an aromatic group having 5 to 14 carbon atoms, and Brepresents 
-OH -Amino 'wherein Amine* represents an. optically active amine selected from the group consisting of 
Mphenyflethylamine. f-to-naphthyj). etbylamine, HphenyJ)-2-(me1hyl)ethylamlne. 1-phenyl-2-amlnopro- 40 

P TA^ d oraanlc e 'nonlinear optical substance as claimed In claim 1, wherein, in the tormuls(l).^ R 1 
represente Tzt represents H-. R?R B N-, R 7 0-. R*S-. NO. 0 2 N-, R*OCO-. R«COO- R«R«NOC, 
ri3CO(R«vn. orR?s- r Ar represents an aromatic group having 6 to 14 carbon.atoms, and Bjepresents 
-OH • Amine* wherein Amine*representsan optically active amine selected from the group consisting of 45 
2-amlno-1-butanol,.1-amino-2-prop^ 

2-dimethylamino-t-phenyl-1-benryl-1-propanol, and l-(N',N-diniBmylamIiroM 

4. An organic nonlinear optical substance as claimed In claim 1. wherein, In the formula (fl, R l 
represents H, Arepresents 



50 



55 



wherein one of Z 2 Z^and Z* represents H and the remainder independently represents Ct-Cioalkyl, 
R«0- fl 17 R 1ff N- fi 18 S. or OaN-.. Ar represents anaromatic group having 6 to 14 carbon atoms, and B 
represents aresidue of an optical^ active amine selected from the group consisting °* 2-a m lno-1-buta- 
no! 1-amino-2-propanol, 2-amino-irpropanol, 2-amIno-1-(p-nitrophenyl)-1^propanedlol j 2-dimethy- 60 
1amlno-1-phenyM-oenzyl-1-propanol,andHN^ 
5. An organic nonlinear optical substance as claimed in claim T, wherein, In the formula (I), R J 

represents H, A represents 



21 
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Ar 



wherein one of Z 2 , Z 8 and Z 4 represents H- and the remainder independently represents Ci-Cioalkyl, 
R 16 0-. R17R18N. Ri9s, or 02N-, Ar represents an aromatic group having 6 to 14 carton atoms, and B 
represents a residue of an optically active amine selected from the group consisting of 1 -(phenyl) ethy- 
lamlne, 1-(a-naphthyl)ethylamine, 1-phenyl-2-(methyi)ethylamIne, 1-phenyl-2-aminopropane, and bru- 



6. An organic nonlinear optical substance as claimed in claim 1, wherein, In the formula (I), R 1 
represents H, A represents Z* Ar-, Z* represents H-, RWN-, R*0- t R 8 S- f NO, O2N-, R 9 0CO-, R 10 COO-, 
R 11 R 12 NOC-, R 1S C0(R 14 )N-, or R 16 -, Ar represents an aromatic ring having 6 to 14 carbon atoms, and B 
represents -NR 4 Y. 

7. An organic nonlinear optical substance as claimed In claim 1, wherein, in the formula (I), R 1 
represents H, A represents Z 1 -Ar- f Z1 represents R 6 R 8 N-, R?0-, R*S-, NC, R 9 OCO, R 10 COO-, 
R11R12NOC, R 13 CO(R^)N-, or R 15 Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents -OH- Amine* wherein Amine* represents an optically active a-amino acid or the derivative 
thereof. 

8. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I), R 1 
represents H. A represents 



where one of Z 2 Z 3 , and Z 4 represents H or substituted Ci-C 8 alkyl, the remainder of Z 2 , Z 3 , and Z 4 
represents together methylene dioxy group wherein the dloxy groups are bonded to the adjacent 
positions of Ar, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents 
-OH -Amine* wherein Amine* represents an optically active amine selected from the group consisting of 
HphenyOethyiamine, Ha-naphthyl)ethylamine, 1-phenyI-2-(methyI)ethyiamlne, l-phenyl-2-aminopro- 
pane, brucine, 2-amlno-1-butanol, 1-amino-2-propanol, 2-amino-1-propanol, 2-amlno-1-(p-nitrophe- 
nyl)-1 ,3-propanediol, 2-dimethylamino-1-phenyI-1-ben2y!-1-propanol, HN,N-dimethyIamiho)-1-phenyI- 
propylamlne, and a residue of an optically active a-amino acjd and the derivative thereof; or -NR 4 Y. 

9. An organic nonlinear optical substance as claimed In claim 1, wherein, in the formula (I), R* 
represents H or CH3 , A represents R 2 where R 2 represents H or an alkyl group having 1 to 12 carbon 
atoms, and B represents -OH Amine* wherein Amine* represents an optically active amine selected from 
the group consisting of HphenyOethyiamine, 1-(a-naphthyl)ethylamine, 1-phenyl-2-methyiethylamine, 

1- phenyl-2-aminopropane, brucine; 2-amIno-1-butanol, l-amino-2-propanol, 2-amlno-1-propanol, 

2- amino-1-(p-nitrophenyI)-1 l 3-propanediol, 2-dImethylamlno-1-phenyl-1-ben2y!-1-propanol, 1-(N,N-dI- 
methylamIno)-1-phenyl-1benzyl-1«propanol, 1-(N,N-dImethyIamlno)-1 -phenyl-propylamine, and a residue 
of an optically active a-amino acid and the derivative thereof. 

10. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I), R* 
represents H, A represents 



and B represents -OH -Amine* wherein Amine* represents an optically active amine selected from the 
group consisting of 1-phenylethylamlne, 1-a-naphthylamine, 1-phenyl-2-methylethylamine, 1-phenyl- 
2-amlnopropane, brucine, 2-amino-1-butanol t 1-amino-2-propanol, 2-amlno-1-propanol, 2-amlnol-(p-ni- 
trophenyl)-1 ,3-propanediol, 2-dimethylamlno-1 -phenyl-1 -benzyl-1 -propanol, 1 -(N .N-dimethy- 
lamlno)-1 -phenyl-propylamine, and a residue of an optically active a-amino acid and the derivatives 
thereof; or NR 4 Y. 

11. An organic nonlinear optical substance as claimed In claim 1, wherein, In the formula (I), R 1 
represents H, A represents 



cine. 
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Z 4 / .5 

wherein one of Z*, Z 9 , and 2 4 represents H- and the remainder Independently represents Ci-Cioalkyl, 
R 16 0-, R 17 R™N-, R 19 S, or OgN-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents -OH • Amine* wherein Amine* represents an optically active a-amino adds or the derivatives 
thereof. 10 
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© Organic nonlinear optical substance. 

® An organic nonlinear optical substance having the formula (I): 



A-f- CR =CH 4— CH = C- C- B (I) 
v 'nth v ' 



CN O 



„ wherein R 1 represents -H or -CH3; 
^ n is 0,1. or 2; 

A represents Z 1 -Ar, 

r- 

CD 7 



in 

CO 



c - c 



\ 

Z^Ar-, R 2 - , or (Z 5 ) r -|" || > 



C C 
N / 
X 



wherein Ar represents a 6 - 14 membered aromatic group including a heterocyclic ring or bisphenylene type 
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ring; Z 1 represents H-, R 5 R 6 N- ( R 7 0-, R 8 S-, NO, R 9 OCO-, R 10 COO- t 0 2 N-, R 11 R 12 NOC. R 13 C0(R 14 )N-, or R 15 -; 
Z 2 , Z 3 , and Z 4 independently represent H-, a O-Cs alkyl-, R 16 0-, R 17 R 18 N, R ,9 S-, 0 2 N-, or two R 16 being*, in 
combination, R^CH ; R 2 represents H- or a O-C12 alkyi; R 5 to R 20 independently represent H-, or a C1-C10 
hydrocarbon residue; Z 5 independently represents H-, a Ci-C 8 saturated hydrocarbon residue, 02N«s ft 21 0-, 
R^S-. NC-, or R^R^N- wherein R 21 to R 24 independentiy represent H or a O-Ce saturated hydrocarbon 
residue; X represents -S-, -0-, or >NR 2B ; r is 0 or an integer of 1 to 3; and R 28 represents H or a hydrocarbon 
group having 1 to 8 carbon atoms; 

B represents -OH 'Amine* where Amine* represents an optically active amine; -OR 3 where R 3 represents a C12- 
C25 linear hydrocarbon residue; -NR 4 Y where R 4 represents -H or a single bond; Y represents 

4-CH 2 ^ CQ 1 Q 2 Q 3 

where p is 0 or 1; Q\ Q 2 , and Q 3 are different and represent -H, a C1-C5 alkyl, phenyl, naphthyl, -OH, -CH 2 OH, 
-COOR 25 , -CNR^R 27 , a residue of an a-amino acid from which an amino group is removed, where to 
independently represent -H or -O-Cb hydrocarbon residue; or -CQ 4 Q 5 Q 6 where Q 4 , Q 5 and Q G are different and 
Q 4 and Q 5 are as defined for Q\ Q 2 and Q 3 and Q 6 represent 

-< CH 2*q 



of which one bond is linked to the bond of R 4 where q an integer of 1 to 4. 
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